Aim: To determine minimally important differences (MIDs) for scales in the first version of the Copenhagen Psychosocial Questionnaire (COPSOQ). Methods: Data were taken from two separate studies: a national population survey (N ¼ 1062), and an intervention study at 14 workplaces (N ¼ 1505). On the basis of the population survey, the MID for each COPSOQ scale was calculated as one-half of a standard deviation (0.5 SD). For the core COPSOQ scales on ''Quantitative demands'', ''Influence at work'', ''Predictability'', ''Social support (from colleagues and supervisors, respectively)'', and ''Job satisfaction'', the MIDs were evaluated in the intervention study, where score differences for the scales were linked to the respondents' global self-evaluation of the impact of the interventions. The scales were scored from 0 to 100 in both studies. Results: The MIDs calculated as 0.5 SD were, on average, 9.2 (range 6.8-14.9) for the long version scales, and 10.8 (range 7.6-14.9) for the medium-length version scales. The analysis of the self-evaluated changes on the scale scores for the core COPSOQ scales showed that the anchor-based estimates of MID were generally lower than 0.5 SD. Conclusions: We recommend the following MID values for the COPSOQ scales: ''Quantitative demands'', 0.3 SD; ''Influence'', 0.2 SD; ''Predictability'', 0.3 SD; ''Social support from colleagues'', 0.3 SD; ''Social support from supervisor'', 0.7 SD; and ''Job satisfaction'', 0.4 SD. For all other COPSOQ scales, where we do not have anchor-based results, we recommend the conventional MID value of 0.5 SD.
Background
The Copenhagen Psychosocial Questionnaire (COPSOQ) is a standardized measuring instrument designed to monitor different aspects of the psychosocial work environment [1] . It is widely used at workplaces in Denmark when enterprises survey the psychosocial work environment as part of their mandatory workplace risk assessment (in Denmark, called workplace assessment), which has to be carried out every third year [2, 3] . It has been used to study the following: (a) differences in the psychosocial work environment for various population groups, e.g. looking at differences among various professions [4] ; (b) whether differences in the psychosocial work environment are associated with differences in subsequent health outcomes, sick days, or early retirement [5] [6] [7] ;
and (c) changes in the psychosocial work environment in intervention studies [8] [9] [10] (see also Pejtersen et al. [11] and other articles in this issue).
When interpreting results from work environment surveillance or follow-up studies of workplace interventions, it is crucial to know whether a difference in the questionnaire scores is of a magnitude that has practical consequences at the workplace. The research results could be expected to serve as guidelines for practitioners who design and implement real-life interventions in workplaces, and it is important for them to obtain an understanding of whether an intervention -even if it is successful -would lead to a magnitude of improvement that is of practical importance.
In many research fields, and especially in epidemiology, differences are often exclusively interpreted on the basis of statistical methods. This means that small differences may be statistically significant in large studies but insignificant in studies based on smaller samples. In such large studies, it is difficult to know whether a statistically significant result is of practical importance. The identification of minimally important differences (MIDs) has been the focus of much recent medical research, e.g. in the health outcomes field [12] [13] [14] [15] . Researchers in the health outcomes field have focused on MIDs for individual scores, sometimes called responder criteria, or group-level comparison [16] . Criteria for individual scores have to take reliability and measurement precision into account, and therefore MIDs are larger for individual scores than for group-level comparison [17] . The COPSOQ was developed for assessment of the psychosocial work environment at workplace level, and therefore the present article will focus on MIDs for group-level comparison.
Two different approaches can be used for estimating the MID (sometimes referred to as minimal clinically important difference): distribution-based methods and anchor-based methods [16] . In the distribution-based methods, the MID is linked to a statistical parameter such as the standard deviation (SD) or effect size (average change divided by SD at baseline). However, the distribution-based methods should be validated against anchor-based methods to obtain benchmarks for interpretation [14] . Such benchmarks should make sense to practitioners in the field. Examples of benchmarks could be employees' evaluations of improvements, reduction in sickness absence days [18] , or increased productivity. The more an instrument is used, the more benchmarks will be available for interpretation.
In the anchor-based methods, the changes in scores are related to an external event, rating, condition, clinical changes, etc. [16] . One approach is to link score changes in longitudinal studies to the respondents' self-evaluation of the magnitude of change.
Several studies in health-related quality-of-life research have looked into MIDs for various questionnaires [13, 14] . The studies are surprisingly consistent in their findings of MIDs. Across many different instruments, the general finding is that the MID is close to 0.5 SD [13] . In their review of different methods and instruments, Norman et al. [13] argued that the consistent finding of 0.5 SD is not a coincidence, but it is related to humans' limitation in discrimination. Over a wide range of tasks (tastes, points on a line, pitch and loudness of sounds), Miller [19] has shown that people's ability to achieve absolute discrimination is accurate until the number of categories reaches approximately seven (range five to nine). On a uniform rectangular distribution, a step of one out of seven corresponds to a standard deviation of 0.5.
However, some recent studies, using a variety of anchors, have found MIDs that are smaller than 0.5 SD [15, 20] . These studies suggest that MIDs based on 0.5 SD are conservative, and that even smaller score differences may be of practical importance in many situations.
The purpose of the present study was to determine MIDs for scales in COPSOQ in two ways. On the basis of the COPSOQ population survey [1] , the MID for each COPSOQ scale was calculated as 0.5 SD, as suggested by Norman et al. [13] . For selected scales, the MID was evaluated in an intervention study where score differences for the scales were linked to the respondents' global self-evaluation of the impact of the interventions.
Material and methods
Data were taken from two studies: the COPSOQ survey [1] and the BEST study [9, 21] . The study population, the measurements and the statistical analyzes for the two studies are described below.
COPSOQ questionnaire
This paper concerns the first version of COPSOQ which exists in three lengths: long (30 scales, 141 items), medium (26 scales, 95 items), and short (eight scales, 44 items). All scales from the long and the medium-length version of COPSOQ (except for coping scales) were included in the analyzes. The medium-length version is the most frequently used. For details about the questionnaire, see Kristensen et al. [1] . Furthermore, in order to compare the respondents' self-evaluations in the BEST study, two scales on social support were constructed. These scales included the items on support from colleagues and support from supervisors that are used in the second version of the questionnaire (COPSOQ II) [11] . For all scales, the items were scored as 0-100 (i.e. 0, 25, 50, 75 and 100 for a five-category item). The scale score was computed as the mean item score. If respondents had answered less than half of the questions on the particular scale, the scale score was set to missing. Each scale was scored in the direction indicated by the scale name.
Study 1: COPSOQ survey
This study was conducted in 1997 and was a representative national questionnaire survey of working Danes between 20 and 60 years of age.
COPSOQ population. In all, 1857 wage earners answered the questionnaire (response rate of 60%). The respondents were randomly assigned a mailed questionnaire (67%) or a telephone interview (33%). The present study used the mailed questionnaire data only. Thus, the population in the present study consisted of 1062 respondents, of whom 51.2% were women, and 33% were high-school graduates; the average age was 39.9 years (SD 10.7). For a detailed description of the study, see Kristensen et al. [1, 4] .
COPSOQ analysis. Mean scores and SDs for the population were calculated for all scales. The MIDs were determined as 0.5 SD for the scales corresponding to the findings by Norman et al. [13] .
Study 2: The BEST study
The BEST study (Better Psychosocial Work Environment: a Study of Workplace Interventions) is an intervention study in 14 Danish enterprises and public institutions. The companies were evenly distributed within the industrial sector, the healthcare sector, and a group of companies characterized by information and knowledge work. The study included qualitative methods such as field observations and interviews with selected employees and managements, as well as quantitative data collection using the COPSOQ questionnaire. The main objective was to study the possibilities for a group of companies to organize and implement improvements on the psychosocial work environment on the basis of feedback from COPSOQ. The interventions comprised the following elements: (1) a contract with each of the participating companies, outlining the intentions of the company to (a) improve the psychosocial work environment, (b) form a steering group, and (c) work out an action plan for the improvement in the psychosocial work environment;
(2) implementation of a questionnaire survey using COPSOQ, with feedback to each company concerning the results; (3) the companies being subsequently responsible for the preparation of the action plan and for the implementation of organizational changes aimed at improving the psychosocial work environment; and (4) the initial COPSOQ survey serving also as baseline result and a follow-up questionnaire survey being conducted 2 years after the baseline. Table I .
BEST measurements. The surveys at baseline and follow-up were performed by using the mediumlength COPSOQ questionnaire. The questionnaire was either distributed in a paper version or available as a web-based version. In the follow-up survey, the employees were also asked directly whether they perceived any difference in six of the central psychosocial factors at work after the interventions. The factors included changes in quantitative demands, influence at work, social support from colleagues, social support from supervisor, predictability, and an overall assessment of the changes at the workplace. The global items used in the follow-up and the corresponding COPSOQ scales are shown in Table II . This article reports data on six COPSOQ scales that correspond to the six change items. The original COPSOQ scales ''Social support'' and ''Feedback'' were transformed into two new scales: ''Support from colleagues'' and ''Support from supervisor''. This was done in order to allow comparison of the scales with the global questions that were directed towards help and support from colleagues and from supervisor respectively. The two new support scales were identical to the support scales of COPSOQ II [11] .
BESTanalysis. For comparison with the results of the COPSOQ survey, the total sample SDs for the six scales were calculated, as well as the average withincompany SD. The self-evaluations of change were then compared with the changes in scale scores from repeated measurements based on COPSOQ, thus providing an unadjusted assessment of the MID for core COPSOQ scales. A T-test was used to evaluate the mean change. The MIDs were further analyzed by adjusting for the mean change score for the group that reported no change on the global change item. The statistical analyzes were based on the changes in the scale scores, using the linear regression model GLM in SAS. The analyzes evaluated the magnitude of change in scale scores. The independent variable was self-reported change (comparing the group indicating deterioration with the stable group and the group indicating improvement with the stable group). On the basis of the analysis of variance, the within-company variance, which can be regarded as Are you better informed about changes and Yes, better informed than before plans for the future?
The same as before No, worse informed than before Social support from colleagues 3 Do you get better help and support from your Yes, better help and support than before colleagues?
The same as before No, worse help and support than before Social support from supervisor 3 Do you get better help and support from your Yes, better help and support than before immediate superior?
The same as before No, worse help and support than before Job satisfaction 4
In general, would you say that your workplace is Yes, better than before better than before?
The same as before No, worse than before the average of the variances within each company, was estimated. Finally, analyzes were conducted to evaluate the validity of the global change scores. Some studies of health outcomes have found that selfratings of change at follow-up are strongly associated with the state at follow-up but not with the baseline state [22] . Such results could suggest that self-rating of change is a measure of health state rather than change. To evaluate validity, we hypothesized that a valid self-rating of change should have a positive association with the follow-up score, but a negative association with the baseline score for given levels of the follow-up score. This was tested in a logistic regression model with self-rated change as the dependent variable and baseline and follow-up scores as independent variables. Note that these criteria should apply no matter what the overall change is in sample mean over time. Other validity criteria have been proposed [22] , but they only apply when the overall sample mean does not change over time.
Results
Mean values, SDs and MIDs for the COPSOQ scales in the COPSOQ study are given in Table III . The MID calculated as 0.5 SD was, on average, 9.2 (range 6.8-14.9) for the long version scales, and 10.8 (range 7.6-14.9) for the medium-length version scales. As expected, the longer scales had lower SDs and therefore a lower MID.
In the BEST study, the SDs of the six scales evaluated were, generally, slightly smaller than in the COPSOQ study. The following overall sample and within-company SDs, respectively, were found: The unadjusted estimates of MIDs based on the mean changes on the scales according to the response on the change items are shown in Table IV . The average change in scale score ranged from 2.5 to 10.0 for self-reported improvement and from 4.9 to 20.9 for self-reported deterioration. The group that reported no change had a change in mean scale score from 0.8 to 2.6.
The results of the linear regressions of selfevaluated changes on the scale scores from the BEST study are shown in Table IV . All regression coefficients are in the expected direction and, except for ''Quantitative demands'', there were significant relationships between self-evaluated changes and changes in scale scores. The non-significant result for ''Quantitative demands'' may be a matter of statistical power, since only 44 people evaluated the work pressure as having decreased after the interventions.
In the fifth column in Table IV , the results in the fourth column have been normalized by dividing by the general population SD for the particular scale (based on results from the COPSOQ study - Table III ). The fifth column shows that the anchorbased estimates of MID are generally lower than 0.5 SD. In only two of 12 cases were the MIDs larger than the 0.5 SD, and this applied for the scale ''Social support from supervisors''. On average, the MID was 0.3 SD for self-reported improvement and 0.4 SD for self-reported deterioration. This corresponds to an average change in scale score of 6.2 points for improvement and an average change of 8.9 points for deterioration. In five of the six scales, the MIDs were higher for deterioration than for improvement. .0 (À 9.8 to À 6.2)*** À 6.4 (À 8.4 to À 4.4)*** À0.37 (À0.49 to À0.26)*** a Normalized by the SD derived from the population study in 1997 (Table III ). *p < 0.05, **p < 0.001, ***p < 0.0001.
Discussion
The MIDs have been established for all scales in the COPSOQ, on the basis of the 0.5 SD rule. This yielded MIDs from 6.6 points (''Sense of coherence'' scale) to 14.9 points (''Social relations'' scale). These MIDs are based on a representative national population study in which the respondents were selected randomly. Analyzes of the BEST data showed that the within-company SDs were generally slightly lower, although the differences were not dramatic. This difference between the two studies may be explained by differences in the compositions of the two groups. In the national representative sample, all kinds of job groups and workplaces were represented in the sample, whereas the BEST study only included a subset of job groups. In this study, use of within-company SDs would have reduced the MIDs by from 0 to 2 points, depending on the scale. Whether distribution-based MIDs should be based on general population data or distributions in the relevant subpopulation is not clear.
In the second part of our study, we estimated MIDs for six of the scales in COPSOQ, using an anchor-based method. The analyzes of the unadjusted mean values showed that, for the group that reported no change, the estimated changes in scale values were from 0.8 to 2.6 (Table IV) . Except for ''Quantitative demands'', the group that reported no change showed slightly worse scores at follow-upalthough these changes were much smaller than the estimated MIDs. The MIDs based on the unadjusted estimates for these scales may therefore be underestimated for improvement and overestimated for deterioration. For ''Quantitative demands'', this trend was in the opposite direction.
From Table IV , it can be seen that the MID estimates were generally smaller than 0.5 SD. The average MID was 0.3 SD for improved conditions and 0.4 SD for worsened conditions. These results suggest that the MIDs established on the basis of 0.5 SD are fairly conservative estimates. Only for ''Social support from supervisor'' was the MID estimate larger than 0.5 SD. This estimate was very high as compared with the MIDs for the other scales. The scale concerns support from supervisor, and is the only tested scale directed towards the management. However, since the MID was large for both the positive and the negative changes, it is difficult to argue that the employees were biased in the reporting of their management. We do not have an explanation for the high MID estimate for this scale.
Our study included three scales from the SF-36 Health Survey: ''General health'', ''Vitality'', and ''Mental health'' [17] . MIDs for these scales have been estimated by using anchor-based methods relating score differences to risk of hospitalization, inability to work, and mortality [17] . In line with our results, these MID estimates were also smaller than 0.5 SD. For ''General health'' and ''Vitality'', the recommended MID is 0.2 SD for scores one or more SDs below the mean, and 0.3 SD for scores above this threshold. For ''Mental health'', the corresponding MID is 0.3 SD. The results from SF-36 thus support the idea that the MIDs in this study represent conservative estimates.
It seems that the MID established on the basis of the intervention study was larger for worsening effects than for improvements (Table IV) . Even though several studies showed that the MIDs for positive and negative changes were approximately the same [13] , at least one study showed that the change score for global worsening was larger than the change score for improvement [23] . Bjorner argues that this could be because the MID may depend on the scale value [17] . Thus, when an MID for worsening is larger than a corresponding MID for improvement, this may just be because scores at different ends of the measurement scale are being compared. However, our data are too modest to allow us to draw any conclusion on this matter.
The basic weakness of anchor-based methods is mainly related to the validity of the participants' response to the global change item [22] . One problem may be related to the validity of the change items, as it may be difficult to capture the content of a multiitem scale in a single change item. When carefully evaluating the content of the items for the single scales, we found that the change items seemed to be valid as global measures for the dimensions of ''Influence at work'' (Influence work; Say in choosing colleagues; Influence amount of work; Influence work task), ''Predictability'' (Informed about changes; Information provided to work well), ''Social support from colleagues'' (Support colleagues; Colleagues listen to problems; Colleagues talk about performance), and ''Social support from supervisor'' (Support supervisor; Supervisor listens to problems; Supervisor talks about performance). We also think that the global item of work pressure was central for the dimension of ''Quantitative demands'' (Work piles up; Complete task; Overtime; Work fast), although we, in the second version of the COPSOQ, have made separate measures for the intensive (work fast) and extensive (overtime) aspects of quantitative demands [11] . For ''Job satisfaction'', the change item was phrased ''In general, would you say that your workplace is better than before?'', whereas the job satisfaction items were about work prospects, work conditions, work abilities, and the job in general. Although two of the items are especially related to the workplace, one may argue that ''Job satisfaction'' is more generally related to the job than the change item that is specifically related to the workplace.
Evaluating MID within an intervention study (the BEST study) instead of an observational study (as is typically done in health outcomes research) has both disadvantages and advantages. On the one hand, the change item may be influenced by the respondents' attitude towards the intervention, in addition to true changes. On the other hand, the intervention increases the likelihood that a true change has occurred and that changes in the scales and the global items are not just reflections of random ''noise''.
Another limitation of the present study is that the global change items had only three response options and therefore had only one category for improvement and one for deterioration. This means that it was not possible to separate small changes from large changes in the present study. Therefore, the estimated MIDs based on the anchor-based method in the present study may be overestimated. Since the estimated MIDs still were smaller than the conventional 0.5 SD, the present results suggest that the 0.5 SD is a conservative estimate, as found by others [15, 20] .
Our study had a recall period of 2 years, which is long in comparison with the typical recall periods used in MID research in the health outcome field. This may increase the risk of recall bias in assessing change, and thus weaken the study. However, we think that the choice of recall period must reflect the time needed to achieve a true change within the studied field. While changes in health may occur over a fairly short time span, changes in organizations usually take longer, and a time span of 2 years is not uncommon in organizational studies [24, 25] . Thus, we think that a recall period of 2 years is the best compromise for our study.
While some of the potential biases discussed above might lead to underestimation of the MIDs, we believe that, all in all, the potential biases in the anchor-based methods used in this study are more likely to lead to a minor overestimation of the MIDsmostly due to the use of only three categories in the change items. Thus, we believe that the MID estimates are conservative.
Conclusions
In conclusion, we recommend the following MID values for the COPSOQ scales: ''Quantitative demands'', 0.3 SD; ''Influence'', 0.2 SD; ''Predictability'', 0.3 SD; ''Social support from colleagues'', 0.3 SD;
''Social support from supervisor'', 0.7 SD; and ''Job satisfaction'', 0.4 SD. For all other COPSOQ scales, where we do not have anchor-based results, we recommend the conventional MID value of 0.5 SD. This recommendation may be revised as more data become available.
